Nous avons entrepris une ~tude prospective de l'incidence et de l' histoire natureUe de nouvelle l~sion myocardique survenant en p~riode pdriop~ratoire chez 50 coronariens lots d" une intervention chirurgicale majeure autre que cardiaque. L'anesthdsie se ddroulait de fafon conventionnelle mais on faisait un ECG d 12 ddrivations juste avant et 24, 48, et 72 h aprds le ddbut de l'anesthdsie. On pr~levait du sang au m~mes moments de m~me qu' d 6 h aprds le d~but de l' anesth~sie afin de mesurer les CK totales et la fraction CK-MB. Trente-trois patients (66%) ont pr~sentd d I'ECG une dvidence d'infarctus nouveau et deux d'entre eux (4%) sont d~c~d~s en p~ri-op~ratoire imm~diat. Les premiers signes dlectrocardiographiques d'infarctus dtaient presents d 24 h chez 27131 patients (87%), d 48 h chez 3131 (10%) et d 72 h chez 1/31 (3%). Chez vingt-neufpatients (58%), dont ceux qui sont d~cdd~s, il y eu augmentation des CK-MB qui s'est d' abord manifestd chez les survivants d 24 h dans 2312 7 cas (85%) et d 48 h dans 4127 cas (15%). Vingt-deux patients (44%) eurent ~ la fois une altdration ~lectrocardiographique et une augmentation des CK-MB. On a calcul# les scores de risque de Cooperman et de Goldman et le premier pr#disait mieux que le second la morbidiM myocardique observ~e. La presence d' une histoire de probldme cardiaque n'alourdissait pas le pronostic sombre d'un ECG pr~opdrataire anormal. Le myocarde est maximalement d risque en defa de 24 h d'une intervention chirurgicale et les scores de risque le sous-estiment souvent.
Patients with a history of coronary artery disease are at increased risk of further myocardial infarction when presenting for major non-cardiac surgery. The incidence of further myocardial damage in patients with ECG changes suggestive of coronary artery disease but no previous documented infarction remains unknown. The induction of anaesthesia and intubation of the trachea can be associated with change in both blood pressure and heart rate, often leading to an increase in the rate pressure product, and this could cause further myocardial damage I by increasing myocardial oxygen demand.
The immediate perioperative period can be an extreme challenge to the cardiovascular system, mediated by endocrine changes, 2-4 and may result in an imbalance of myocardial oxygen supply and demand, due to increases in heart rate, blood pressure, shivering, and increased peripheral vascular resistance. The true incidence of such occurrences remains unknown, as the classical sign of chest discomfort may be masked at induction and in the perioperative period. Previous studies have relied on subjective symptoms or investigations as clinically indicated to diagnose perioperative infarction. 5-7 On this basis reinfarction was found to be maximal on the third post-operative day, 5 the reinfarction rate was higher if surgery was performed in the six months after an infarction, 6 and risk indices have been described. 7's However, myocardial damage may be asymptomatic and be evidenced by changes in serial ECG and or cardiospecific enzymes in the absence of ECG changes. New damage may be on the borders of previous damage and not be recognised by the standard 12-lead ECG. The timing of such silent damage is not known.
This prospective study was designed to assess the incidence of further early myocardial damage, by serial cardiospecific CK-MB enzyme assay, and serial standard 12-lead ECGs in the 72 hr after anaesthesia and surgery, in a group of patients who had a history or ECG changes suggestive of coronary artery disease, presenting for major non-cardiac surgery.
Methods

Patient selection
The study was approved by the Hospital Ethics Committee and informed written consent was obtained from all patients. Fifty patients of both sexes, ASA physical status 11 to IV with either a documented history of previous myocardial infarction with or without residual ECG changes or angina with or without ECG changes, or ECG changes alone, and presenting for major non-cardiac surgery at the Royal South Hampshire Hospital, University of Southampton, were admitted into this prospective study. Patients with a bundle branch block or on medical therapy liable to affect the ST segment were excluded.
Study design
Patients continued with their current medical therapy. On the day of surgery a standard 12-lead ECG was taken and Holter monitoring applied to the patient, starting one hour before induction of anaesthesia. The continuous ECG was recorded either from modified leads VI and V s (30 patients), or 16 precordial leads multiplexed on to one channel and a modified lead I (twenty patients), on to a two-channel Oxford Medilog 2 Frequency modulated (FM) recorder. Detailed results of this ECG monitoring are reported in an accompanying paper. 9 Preoperatively, blood was analyzed to ensure that haemoglobin and serum electrolyte concentrations were within the normal range. All patients received a standardised premedication regime of diazepam 10 mg, and metoclopramide 10 mg, orally two hours before surgery, and a standardised general anaesthetic technique. On arrival in the anaesthetic room, each patient's blood pressure was recorded non-invasively using a Bard Sentry non-invasive blood pressure monitor, with a thermal printer, at two-minute intervals during induction of anaesthesia, at three-minute intervals during surgery and at five-minute intervals thereafter for the next 24 hr.
Appropriate intravenous lines were inserted, and after three minutes of denitrogenation, anaesthesia was induced with fentanyl 3 p,g. kg -I, thiopentone 4 mg'kg-', and succinylcholine 1.5 mg'kg -I . After tracheal intubation, anaesthesia was maintained by controlled ventilation using a Bain circuit with a fresh gas flow of 70 ml' kg -I of nitrous oxide and oxygen in 2:1 ratio, a tidal volume of 10 ml. kg-i and a respiratory rate of 12 min-~. Normocapnia under anaesthesia was ensured using a Hewlett Packard non-invasive capnometer and was verified with arterial blood gas analysis. Neuromuscular blockade was achieved with alcuronium 0.25 mg-kg -t, with a quarter of the initial dose used for subsequent maintenance of paralysis. Fentanyl was thereafter as clinically indicated in increments of a quarter of the initial dose, and halothane or enflurane used as adjuvants to provide anaesthesia. Blood was replaced as lost. At the end of anaesthesia patients either neuromuscular blockade was reversed with atropine and neostigmine or lung ventilation was continued as clinically indicated. Prior to induction of anaesthesia, and at intervals of 6, 24, 48, and 72 hr, blood was drawn for total CK and CK-MB fraction assay. The EDTA sample was spun within one hour, and the serum deep frozen for later batch assay. At 24, 48, and 72 hr the standard 12-lead ECG was repeated and haemoglobin and electrolyte analyses were repeated to ensure a normal range. All patients were in an ICU environment for the first 24 hr after surgery and received supplementary oxygen by face mask at 4 L. min-t in the 24 hr after surgery. Analgesia was maintained in the 24 hr after surgery, with a titrated iv morphine infusion with a Vickers infusion pump, adjusted by the clinical staff as necessary. The tracheas of all patients in this study were extubated within six hours of the start of anaesthesia. Holter and non-invasive blood pressure monitoring was discontinued at 24 hr. FIGURE I Histogram of timing of first ECG and/or CK-MB change. Note the absence of CK-MB change at 6 hr. Although the majority of abnormalities were evident by 24 hr, 13 to 15% of changes were not seen until 48 to 72 hr.
Laboratory tests
Haemoglobin and electrolytes were measured as a routine in our hospital laboratory. The serum for total CK and CK-MB assay was stored at -2 0 ~ C, and analyzed using batch assay with a Boehringer Mannheim immunoassay total CK and CK-MB NAC activated kit. Serum CK-MB was considered pathologically elevated, and indicative of myocardial damage, at > 12 I. U. L. -I, independent of serum CK level, which is elevated after surgery. Each sample was assayed three times. All standard 12-lead ECGs were recorded with a Hewlett Packard Pagewriter. The standard 12-lead ECG at 24 hr was recorded after the Holter continuous ECG monitoring system was removed. Q wave infarction was based on the appearance of new Q waves, > 40 msec, and > 25% of ensuing R wave. Non Q wave infarction was based on persistent ST change > 2 mm and or symmetrical T wave inversion for at least 48 hr duration. From the preoperative history and investigations, using the criteria of both Goldman n~ and Cooperman, s the relative risk of further myocardial damage for each patient was assessed, and each patient was assigned to the relevant risk class.
Statistical analysis
For each risk class in each classification scheme, the incidence of expected complications was calculated. For each risk class the incidence of observed complications was compiled from new ECG changes, CK-MB enzyme changes and combined new ECG and CK-MB changes.
Comparison between observed and expected myocardial damage for each risk class was performed using the Chi square test with the Yates correction factor. The difference in further damage between patients with a documented history of previous myocardial infarction and those with ECG changes alone, and those with and without diuretic therapy was also analysed using the Chi square test. Table I shows the breakdown of operations. There were eight women and 42 males in this study. Ages ranged from 39 to 72 with a mean of 61.5 yr. Total anaesthesia time ranged from 55 to 225 min with a mean of 122.3. Twenty-nine patients (58%) showed elevated CK-MB assay. Thirty-three patients (66%) showed ECG changes. Two patients (4%) died in the immediate post-surgery period with concurrent ECG and cardiospecific enzyme changes. Both cases were emergency operations in ASA physical status IV patients, each of whom gave a history suggestive of a myocardial infarction in the month before surgery. One patient had an emergency partial gastrectomy for a large bleeding ulcer. She had an episode of left ventricular failure 48 hr before surgery. The second patient had an aortobifemorai graft for acutely ischaemic legs. He had experienced an episode of chest pain with left ventricular failure in the week before surgery. Figure 1 shows the time of first ECG and CK-MB change in the survivors. Twenty-seven patients showed their first ECG change at 24 hr, in three first change was seen at 48 hr, and one the first change was evident at 72 hr. No surviving patients showed a change in CK-MB at six hours suggesting that in this group the induction of anaesthesia was not associated with myocardial damage. Twenty-three patients of the elevated enzyme group showed their first change at 24 hr, with four patients showing their first change at 48 hr, and none at 72 hr. Twenty-two patients showed a rise in CK-MB levels which correlated with the serial ECG changes including the two deaths. Figure 2 shows the incidence of new ECG change in relation to pre-operative cardiac history. Thirty-one patients gave a pre-operative history of a previous myocardial infarction or stable angina with or without ECG changes. Twenty-three of this group, including the two deaths, showed further ECG change. Nineteen patients were asymptomatic preoperatively, with ECG changes only. Of these, ten developed further ECG changes. There was no statistical difference in the incidence of new ECG change in the two groups. Nineteen patients were receiving diuretics; 15 showed further evidence of ECG change. Thirty-one patients were not receiving diuretics and 18 showed further serial ECG change. There was no statistical difference between these two groups. Thirty-three patients (66%) showed evidence of serial ECG change. Two patients died in the immediate postoperative period. In the remaining 31, this serial change lasted more than 48 hr suggesting further myocardial damage. Figure 3 shows the incidence of Q and non-Q ECG and correlative CK-MB change in those patients with serial ECG change. Nineteen patients with further ECG change showed changes suggestive of non-Q wave damage, with 11 having correlative ECG/CK-MB change. Fourteen patients showed changes suggestive of Q wave infarction. Of these, 1 ! showed correlative ECG CK-MB changes. There was no difference in the incidence of Q vs non Q ECG change nor in the incidence of concurrent CK-MB change in these patients with serial ECG change.
Results
The Goldman class I and II risk index underestimated the observed incidence of new ECG, CK-MB change, and new ECG and CK-MB change (Table I1) (P < 0.001). Only in Goldman class III and IV did the expected and observed complications show no statistical difference. The Cooperman risk index in groups <0.1, <0.2, <0.3 significantly underestimated the observed incidence of further ECG evidence of damage (Table I11 ) (P <0.001, <0.001, <0.01 respectively). The Cooperman risk index groups <0.1, <0.2, also underestimated the observed incidence of CK-MB change (P <0.001, <0.01 respectively). However, combining new ECG and CK-MB changes showed that only in Cooperman risk group <0.1 was there a statistically significant underestimate of the observed results (P < 0.001). stratification with both risk indices. The Cooperman Class indices represent the probability of a perioperative complication. Patients ranked as Goldman class I and II showed marked dispersion when ranked with the Cooperman index, with the latter predicting a higher probability of further morbidity. Both indices were similar in assessment of the very sick and the very well but evidenced numerous inconsistencies over the middle ranges.
Discussion
These findings are at variance with earlier published studies, showing a higher degree of myocardial morbidity than previously described. These results may be related to the design of the study, in that patients were followed prospectively for both serial ECG and CK-MB change, to the population studied, and possibly to the type of surgery. Patients presenting for surgery are subject to stress to the cardiovascular system. In patients with active coronary artery disease this stress may precipitate a further infarct. In preoperative assessments, the probability of further myocardial complications is often based on the Goldman index. 7'1~ This index may not accurately predict risk. It relies on an assessment based on a documented myocardial infarct, and places heavy emphasis on the presence of ventricular beats as a prime indicator of active coronary artery disease. Previous studies have relied on patient symptomatology to initiate further testing to rule out a possible perioperative myocardial infarct. 5-a That this may underestimate the true incidence of further myocardial damage has been acknowledged in some studies. 5'6 When patients with a history of myocardial damage present for major non-cardiac surgery, the basic question would seem to be: "Does the patient have serious coronary artery disease?." The natural progression of coronary artery disease after a myocardial infarct remains unquantiffed, i i Both Goldman and Cooperman indices rely on a positive history of myocardial symptoms and an abnormal ECG. In our study a patient with an abnormal ECG but no symptoms is at no less a risk. Support for this comes from the Framingham Study where it has been shown that up to 40% of myocardial infarcts in a population of patients with coronary artery disease may be silent, 12 and that the "non-specific ST-T wave changes" in the absence of symptoms are nonetheless highly specific indicators of subsequent myocardial events.
An ECG at day five has been used to define cardiac morbidity; 7 however, such an arbitrary choice of time may miss subendocardial damage which may have resolved by this time. Charlson et al.13 in a prospective study have shown that an ECG at day five has a reduced sensitivity (67%) in diagnosing ECG change compared to serial daily ECG's for the first two days, when sensitivity increases to 96%. The ECG changes in this study are higher than in previous reported studies. This may in part be due to the frequency of serial ECG's in our study. Chamberlain 14 found a 33% deterioration in ECGs performed after surgery and again if patients disease symptoms warranted it on the third day, in patients with a history of coronary artery diseaes presenting for major non-cardiac surgery.
In a prospective study of orthopaedic patients with a history of coronary artery disease, Knorring Is found a 17.7% rate of reinfarction when assessing daily ECGs. They also noted that myocardial infarction was maximal on the second day. In our study, myocardial damage was maximal in the first 24 hr after the start of anesthesia. Similar findings related to the timing of myocardial damage in the first 24 hr have been noted in other studies. 13.16-18 The rise in CK-B in relation to myocardial infarction has been documented, 19 and the specificity of CK-MB in diagnosing myocardial damage in the presence of general surgery has been validated. 2~ Serum CK-MB and CK-BB may rise transiently after surgery up to levels of 12 I. U. L --I, with a rise noted at two to four hours, with a return to normal by 24 hr. These CK isoenzymes may also be elevated with liver damage, pneumonia, and brain trauma. Caution should be exercised in the diagnosis of myocardial infarction based on CK isoenzyme alone after surgery. 22 In this study all patients with CK-MB elevation showed serial rise at 24 hr and beyond and in 22/50 (44%) there was concurrent serial ECG change. Myocardial morbidity was high. The prospective nature of this study, and the type of surgery, and the patient population may explain in part the higher incidence of detected morbidity. Similar findings of high morbidity have been reported. 23 Roy et al. ~ noted ischaemia on the ECG associated with intubation of the trachea. If such ischaemia were sufficient to cause myocardial damage, then a rise in CK-MB would be seen at six hours. In this study no evidence could be found of such a rise. In this study both ECG and enzyme changes were effected in the majority of patients, 87% and 85% respectively by 24 hr. The results of 24 hr Holter monitoring and the non-invasive blood pressure monitoring presented in a subsequent paper may help gain an understanding of the mechanism of such damage. 9 The numbers in this study are small compared with the series of Goldman et al. 7 and Tarhan et al. 5 The majority of the patients in this group underwent vascular surgery and these patients could represent a sub-group at one extreme of the population of patients with concurrent coronary artery disease, presenting for major surgery. The Goldman risk index has been shown to underestimate the incidence of further myocardial damage in patients having vascular surgery. 18 Such a population would have a spread of severity of jepordised myocardium, ranging from good collateral supply to critical perfusion/demand imbalance. The impaired activity of these patients as a whole may mask the usual symptoms associated with severe coronary artery disease. Excessive blood loss, which is common in vascular surgery, may lead to a functional hypoxaemia in this group despite adequate blood transfusion, due in part to effete cells in the transfusion and depleted 2,3 DPG stores (which may require up to 24 hr for regeneration) in the transfused red cells. All serum haemoglobin concentrations in this study were within the normal range at 24, 48, and 72 hr. Vascular surgery may also be associated with a relative hypercoagulopathy compared with other types of surgery, due to increased vascular endothelial trauma. In this study this was not investigated. A previous history of left ventricular failure may be an important risk factor in predicting further myocardial damage. The two deaths occurred in patients who had suffered left ventricular failure in the week or less before surgery. In this study, the precise reasons why patients were recieving diuretics could not be documented. There was no statistical difference in the incidence of new ECG changes in the diuretic and non-diuretic group.
Both the Cooperman and Goldman risk indices assign variables with a rank order of significance. These variables depend heavily on the expression of clinical symptoms and signs. However, patients with vascular disease may not be capable, due to their disease state, of manifesting the full extent of their coronary artery disease, in terms of both symptoms and signs. In this study there was no statistical difference in incidence of further myocardial damage in the symptomatic and symptomless patients. There was no statistical difference in the incidence of Q, non-Q, and correlative ECG/ CK-MB changes. The abnormal ECG in a symptomless patient may not be as non-specific as commonly assumed. 24'2s A change in the relative weight of the abnormal ECG in the Cooperman formula may lead to an improvement in the accuracy of this risk index.
Patients' symptoms and a multifactorial index may not provide an adequate basis for risk assessment of further myocardial damage, when patients with coronary artery disease present for major surgery. Risk assessment may best be evaluated in relation to each patient's myocardial function, and incidence of myocardial ischaemia just prior to surgery. Abnormalities in the ECG in the absence of symptoms should not be ignored, as they may be significant indicators of nasient myocardial dysfunction.
